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FOREWORD

Section 304(a3)(1l) of che Clean Wacer Acc of 1977 (P.L. 95-217) requires
the Administracor of the Environmencal Procection Agency cto publish criceria
for water qualicy accurately reflecring che lacest sciencific knowledge on
the kind and extent of all idencifiable effecrts on health and welfare which
may be expecred from che presence of pollutants in any body of wacer,
including ground wacer. This document is a revision of proposed crireria
based upon a consideracion of commencs received from ocher Federal agencies,
Stace agencies, special interesc groups, and individual scienriscs. The
cricteria contained in chis document replace any previously published EPA
aquacic life criceria.

The cterm “water qualicy criceria" is used in two seccions of che Clean
Wacer Acc, section 304(a)(1l) and sectiom 303(c)(2). The cerm has a differenc
program impact in each section. In secrion 304, the term represents a
non-regulatory, sciencific assessment of ecological effects. The criceria
presented in chis publicacion are such scientific assessmencs. Such water
quality criceria associaced with specific stream uses when adopted as Scate
water qualicy sctandards under section 303 become enforceable maximum
acceptable levels of a2 pollurant in ambient waters. The wacter quality
criceria adopced in the Stace wacer quality standards could have cthe same
numerical limics as che criceria developed under seccion 304. However, in
many situacions States may want co adjust water qualicty criceria developed
under seccion 304 to reflect local environmmencal condicions and human
exposure patcerns before incorporarion into water qualicy scandards. It is
noc unril cheir adoprion as parc of che State wacer quality scandards thac
cthe criceria become regulacory.

Guidelines to assist che Staces in the modification of criteria
presented in this documenc, in the development of wacer qualicy scandards,
and in other water-relaced programs of this Agency, have been developed by
EPA.

Edwin L. Johnson
Direccor
Office of Water Regulacrions and Scandards
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Incroduccion*®

Compounds concaining che cyanide group (CN) are used and readily formed
in many indusctrial processes and can be found in a variecy of effluents, such
as those from the sceel, pectroleum, plascics, syncthectic fibers, meral
plating, mining, and chemical industries. Cyanide occurs in water as hydro-
cyanic acid (HCN), che cyanide ion (CN”), simple cyanides, metallocyanide
complexes, and as simple chain and complex ring organic compounds (Callahan,
ec al. 1979). "Free cyanide" is defined as the sum of che cyanide present as
HCN and as CN~, and cthe relactive concentrations of these two forms depend
mainly on pH and cemperature. When pH is below 8 and cemperacure is below 25
C, at leasc 94 percenct of cthe free cyanide exiscs as HCN. When pH or
temperature or both are higher, a greacer percencage of free cyanide exiscs
as CN™, For example, when pH is 9 and cemperature is 30 C, abouc 55
percenct of cthe free cyanide exiscs as HCN.

Alchough simple cyanides such as sodium cyanide and porassium cyanide
readily dissociare and hydrolyze to form CN™ and HCN, the mecallocyanide
complex anions have a wide range of stabilicries, Zinc and cadmium cyanide
complexes dissociate rapidly and nearly complerely in dilure solurions,
whereas the stabilicy of che copper and nickel mecallocyanide anions are
pH-dependenct. Cyanide complexes of iron dissociace very litcle, but chey are
subject to phocolysis by nartural lighct. Release of cyanide iom by photo-

decomposition might be importanc in relacively clear receiving wacers.

*An underscanding of the "Guidelines for Deriving Numerical Nacional Warer
Qualicy Criceria for the Procecrion of Aquatic Organisms and Their Uses"
(Stephan, ec al. 1985), hereafrer referred to as che Guidelines, is necessary
in order to undersctand the following cexr, cables, and calculacions.



The apparent coxicity to aquactic organisms of most simple cyanides and
metallocyanide complexes is due mainly to the presence of HCN derived from
dissociacion, photodecomposition, and hydrolvsis (Doudoroff, et al. 1966;
Smich, er al. 1979), alchough CN~ is apparencly also toxic (Broderius, ec
al. 1977). Most merallocyanide complexes are not very toxic. The available
liceracure on the toxicity of cvanides and relaced compounds to fish was
cricically reviewed by Doudoroff (1976, 1980). Addicional reviews on che
environmencal effeccs of cyanides have bheen prepared by Leduc (1984), Leduc,
et al. (1982), and Towill, et al. (1978).

Because (a) hoth HCN and CN™ are toxic to aquaric life, (b) the vasc
majoricy of free cyanide usually exiscs as the more toxic HCN, and (c¢) CN™
can be readily converced to HCN at pH values chac commonly exist in surface
waters, cyanide cricteria will be scaced in terms of free cyanide expressed as
CN. Free cyanide is a much more reliable index of coxicity to aquacic life
than tocal cyanide because toral cyanide can include nitriles (organic
cyanides) and relatively scable merallocyanide complexes. In highly alkaline
warers a criterion thact takes into account the relative toxicicies of HCN and
CN™ may be appropriate due cto the dependence of the form of free cyanide on
pH.

I[f performed often enough over a wide enough geographical area, measure-
menc of free cyanide (ASTM, 1984; Broderius, 1981) should be adequace for
monitoring cyanide in a body of water. However, because dissociation of
several metallocyanide complexes is very dependent on pH in the range chac
commonly occurs in many wacer bodies, a measurement such as (a) free cyanide
at cthe lowest pH occurring in the receiving water or (b) cyanide amenable to

chlorination or toctal cyanide (U.S. EPA, 1983a) is probably more appropriace



if only a few measurements are made on a water body and whenever measuremencs
are made on an effluent. Dilucion of an effluent wich receiving wacter before
measuring cyanide should demonstrace whecher cthe receiving wacter can decrease
the cyanide of concern because of sorprion or complexacion. Some
measurements of tocal cyanide in the receiving wacer or effluent or borth are
desirable because if ctoral cyanide is much higher chan free cyanide or
cyanide amenable co chlorination, the imporctance of release of cyanide from
mecallocyanide complexes by photolysis should receive consideracion.

All cyanide concencrations reported herein are in terms of free cyanide
expressed as CN. Thus, data reporced in the original liceracture in cerms of
free cvanide expressed as CN did noc have to be adjuscted. However, when free
cyanide was expressed as HCN, KCN, etc., the resulcs were adjusced using the
molecular weighrs of the compound and CN. When daca were reported in che
original liceracure in cerms of HCN, racher cthan in cerms of free cyanide,

the dacta were convercted from molecular HCN tn free cyanide as CN as follows:

mol. wc. CN
mol. wt. HCN

(ug of free cyanide as CN/L) = (ug of HCN/L) (1 + IOPH-PKHCN) x

where pRycy = 1.3440 + T—E‘j% (Izacc, ec al. 1962)

and T = degrees Celsius. The criteria presenced herein supersede previous
aquactic life wacter qualicty criceria for cyanide (U.S. EPA, 1976, 1980)
because these new criteria were derived using improved procedures and
addictional informacion. Whenever adequactely juscified, a nacionmal cricerion
may be replaced by a site-specific cricerion (U.S. EPA, 1983b), which may
include not only site-specific cricerion concentrations (U.S. EPA, 1983c),
but also sice-snecific duracions of averaging periods and site-specific

frequencies of allowed exceedences (U,S. EPA, 1985). The lacest literacture



search for informaction for this documenc was conducced in May, 1984; some

newer informacion was also used.

Acucte Toxicity ro Aguaric Animals

Most of the invertebrate species tested were considerably mors resistanc

than fishes, buc Daphnia sp. and Gammarus pseudolimnaeus were comparable co

fishes in sensicivicty. On cthe other hand, about half of che tescs wich
invertebrate species were scacic and che cestc concentracions were not
measured, whereas many of the cescs with fish were flow-through cescs in
which free cyanide concentracions were measured (Table 1).

Cerctain life scages and species of fish appear cto be more sensictive to
cyanide cthan ochers. Embryos, sac fry, and warmwater species ctended to be
the most resistanc. Free cyanide concencracions from about 50 ro 200 ug/L
eventually were faral to juveniles of most of che more sensicive fish
species, wicth concentracions much above 200 ug/L being rapidly factal to most
juvenile fish. Thus, chere is a relatively narrow range of species
sensicivicty for fish. A comparison of acute coxicity values for fishes
(Table 1) supporcs cthe conclusion (Doudoroff, 1976) chat resulcs of scacic
toxicicy tests ctend to be somewhact higher than results of renewal or
flowchrough tescs of equal, fairly prolonged duracion.

The coxicity of cyanide increases with reduction in dissolved oxyszen
below the saturation level (Doudoroff, 1976; Smich, et al. 1978) and che
resiscances of fishes to cyanide solucions thac are rapidly lechal decreases
wich an increase in cemperature. Long-term lecthality tescs, however, have
demonstrated that juvenile fishes are more sensitive to cyanide wich a

reduction in cemperature (Doudoroff, 1980; Leduc, et al. 1982; Smich, ec al.

Fis



1378). No pronounced relacionship has been observed between the acure coxic—
ity of cyanide to fishes and alkalinicy, hardness, or pH below abouc 8.3.

Genus Mean Acucte Values (Table 3) were calculaced as cthe geomecric means
of che available Species Mean Acuce Values (Table 1). Dacta are available for
more chan one species in ctwo genera and che Species Mean Acuce Values in each
are within a factor of 2. Of che 15 genera che most sensicive, Salmo, is 39
times more sensictive than the most resiscanc, Tanytarsus (Table 3). A
freshwarer Final Acute Value of 62.68 ug/L was calculaced from the Genus Mean
Acure Values using cthe calculation procedure described in the Guidelines.
However, the Species Mean Acucte Value for the imporcant rainbow crouc is
44.73 ug/L. Because this value is based on the resulcs of Elow-through tests
in which che concencracions were measured, it replaces the calculaced
freshwarer Final Acuce Value (Table 3). Ac low cemperactures acute effects on
rainbow ctrout have been observed (Xovacs, 1979; Kovacs and Leduc, 1982b) ac
concentractions helow the Final Acurte Value (Table ).

Data are available on the acute toxicicy of cyanide to salcwacer species
in three fish genera and five invercebrace genera (Tables 1 and 3). Species
Mean Acute Values for invertebrates ranged from 4.89%3 .g/L for larvae of the

rock crab, Cancer irroractus, co over 10,000 .g/L for larvae of cthe common

Aclanric slippershell, Crepidula fornicacra. C. irrorarus is six rimes more

sensictive to cyanide than che next most sensictive species, che calanoid

copepod, Acartia tonsa. Acute values for fishes only ranged from 59 ug/L co

372 ug/L. Only the genus Mysidopsis contained more cthan one species and che
Species Mean Acute Values were within a factor of 1.1. The salcwarer Final

Acure Value calculacred from che Cenus Mean Acure Values in Table 3 is 2.030

ug/L, which is approximately one-half the Species Mean Acute Value of the

most sensitive of che nine species for which acucte values are available.

b



Chronic Toxicity to Aquactic Animals

The long-term survival and growth of various freshwacter fish species
were observed to be subsctancially reduced act free cyanide concentracions of
about 20 to 50 ug/L (Tables 2 and 5). Based on reduced long-term survival in
an early life-sctage test wich che bluegill, and reduced reproduccion by che
brook trout and fathead minnow in a parcial life-cycle and life-cycle testc,
che chronic values were 13.57, 7.849, and 16.39 ug/L, respectively. Life~-
cycle cescs (Table 2) have been conducted with cwo freshwacer invercebrates.

The chronic values were 34,06 ug/L for che isopod, Asellus communis, and

18.33 ug/L for che amphipod, Gammarus pseudolimnaeus.

Four of che freshwacer acute-chronic racios are becween 7 and 11,
whereas cthe one for the resiscanc isopod is 68.29 (Tables 2 and 3). It seems
reasonable to use the geometric mean of the four as the freshwater Final
Acucte-Chronic Racio. Division of che Final Acute Value by cthe Final Acute-
Chronic Racio results in a freshwacer Final Chromic Value of 5.221 .g/L
(Table 3).

Daca are availahle on the chronic toxicity of cyanide co che salcwacer

fish, Cvorinodon variegacus, and the mysid, Mysidopsis bahia (Table 2). The

early life-scage test wicth cthe sheepshead minnow, C. variegarus, showed chat
growch was not significancly reduced at a cyanide concentracion of 462 ug/L.
Survival, however, was significantly reduced at cyanide concencrations >45
#8/L but not at <29 ug/L. Thus, the chronic value for sheepshead minnow is
36.12 ug/L. A life-cycle cest with che mysid, M. bahia, showed cthac growch
and survival were not affecced ar cyanide concencrations <43 ug/L. Acute
toxicity, however, occurred ac 113 ug/L. The chronic limics for chis species
were defined, ctherefore, as 43 and 113 ug/L. The geometric mean of chese

limics results in a chroaic value of 69.71 ug/L.
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The ctwo acute-chronic ratios available from tests with salctwacter species
are 8.306 and 1.621 (Table 3), but both of these species are relacively
resistant co cyanide and che acute values in those racios were obrained with
juveniles of the fish and mysid. On che ocher hand, the acuce value for che
sensitive rock crab was obrained using larvae of char species. Thus, chis
acute value for the rock crab is probably a becter indicatiocn of the chronic
sensitivicy of this species than would be obrained by dividing chis acuce
value by an acucte-chronic ratio. Therefore, it seems reasonable co sec che
saltwacer Final Chronic Value equal to che Cricerion Maximum Concentracion of
1.015 ug/L (Table 3). Division of the geometric mean of che two salcwacter
acure-chronic racios into che Species Mean Acuce Values of all salctwacer
species except the rock crab resulcs in values that are at least 1.6 cimes

greater than chis Final Chronic Value.

Toxicity to Aquacic Plancs

Daca on the toxicity of free cyanide ro freshwacer and salcwater plant
species are presencted in Table 4. Both freshwarer and salcwacer plancs show
a wide range of sensicivicies cto cyanide, and cthe salcwacer red macroalga,

Champia parvula, is exctremely sensitive co cyanide poisoning wich growth and

reproductive effeccs occurring act 1l co 25 ug/L. Adverse effects of cyaanide
on plants are unlikely, however, at concencrations which do not cause chronic

effects on mosct freshwacer and salcwater animal species.

Bioaccumulation

No studies have been reporced showing a biomagnificarion of cyanide in
che food chain (Towill, er al. 1978). Pennington, ec al. (1982) found no

decectable levels of cyanide in four species of fish from a Mississippi lake.
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Murachi, ec al. (1978) and Holden and Marsden (1964) measured che
concenctracion of cyanide in various ctissues of fish exposed to very rapidly
lechal cyanide levels. It is obvious from such experimencs cthat cyanide does
penetrate aquatic organisms buc bioaccumulacion cannor be demonstraced

because it is readily mecabolized.

Octher Data

Embryos of the fathead minnow are possibly slightly less sensitive to
cyanide than fry and juveniles, whereas embryos of yellow perch are abour as
sensitive as fry, bur less sensicive than juveniles (Tables 1 and 5)
(Broderius, et al. 1977; Smich, et al. 1978). Several authors (Broderius,
1970; Dixon and Leduc, 1981; Kovacs, 1979; Kovacs and Leduc, 1982a; Leduc,
1977, 1978; Leduc and Chan, 1975; Lesniak, 1977; McCracken and Leduc, 1980;
Neil, 1957; Oseid and Smich, 1979; Ruby, ec al. 1979) reporced adverse
effects due co cyanide conceancractions as low as 10 Jg/L. In anocher study,
Ximball, er al. (1978) reported that no reproducction occurred among adultc
bluegills when exposed for 289 days to the lowest concentracion cesced (5.2
4g of HCN/L = 5.4 ug of free cyanide as CN/L). During chis period, however,
only a tocal of 13 spawnings occurred in two controls and no concencration-
effect relationship was observed. Because of reservactions regarding che
spawning data, the chronic value for che bluegill was based on long-term fry
survival. On cthe ocher hand, the most sensitive adverse effect of cyanide on

bocth che fathead winnow and brook trout was reduced reproduccion.

Unused Daca
Some data on the effects of cyanide on aquatic organisms were noc used

because the studies were conducted wich species that are not resident in

8



Norch America (Abram, 1964; Brockway, 1963; Cosca, 1966; Lomce and Jadhav,
1982; Woker and Wuhrmann, 1950). Daca were not used if cyanide was a
component of a complex cyanide (Doudoroff, 1976) or an effluenc (Lloyd and
Jordan, 1964; Shelford, 1917).

Some data were not used because che resultrs were only presenced
graphically (Downing, 1954; Renn, 1955; Smich and Heach, 1979). Scudies
conducted using inadequare diluction warer (Jones, 1941) or wichouc concrols
(Bridges, 1958; Cosca, 1965a,b,c) were also noct used. Bringmann and Kuhn

(1982) cultured Daphnia magna in one water burt conducted cests in anocher

wacter. Daca in some papers were not used because eicher che tesc condicions
were not clearly staced (Burdick and Lipschuecrz, 1950; Ishio, 1965; Lewis and
Tarrant, 1960; Whiccingham, 1952) or the rest procedures were considered
inadequate (Lund, 1918; Moore and Kin, 1968; Summerfelr and Lewis, 1967;
Washburn, 1948). The 96-hr values reporcted by Buikema, et al. (1977) were

subjecc to error because of possible reproductive inceraccions.

Summar

Data on cthe acuce toxicity of free cyanide (cthe sum of cyanide present
as HCN and CN™, expressed as CN) are available for a wide variecy of
freshwacer species that are involved in diverse communicy funccions. The
acute sensitivicies ranged from 44.73 ug/L to 2,490 ug/L, buc all of che
species wicth acute sensicivities above 400 ug/L were invercebrates. A4
long-cerm survival, and a parcrial and life-cycle cesc wich fish gave chronic
values of 13.57, 7.849, and 16.39 ug/L, respeccively. Chronic values for two
freshwater inverctebracre species were 18.33 and 34.06 ug/L. Freshwacer plancs

were affected at cyanide concentrations ranging from 30 ug/L co 26,000 ag/L.



The acuce toxicity of free cyanide to salcwacer species ranged from
4.893 pg/L to 210,000 ug/L and invertebraces were both cthe most and leasc
sensicive species. Long-rerm survival in an early life-stage cest wich che
sheepshead minnow gave a chronic value of 36.12 ug/L. Long-term survival in
a mysid life-cycle trest resulced in a chronic value of 69.71 ug/L. Tescs

wich the red macroalga, Champia parvula, showed cyanide ctoxicicy at 1l co 25

ug/L, buc other species were affected at concentracions up co 3,000 .g/L.

Nacional Criteria

The procedures described in the "Guidelines for Deriving Numerical
Nacional Water Qualicty Criceria for the Proceccion of Aquacic Organisms and
Their Uses'” indicace that, except possibly where a locally imporrant species
is very sensitive, freshwarer aquatic organisms and their uses should not be
affected unaccepcably if che four-day average concentraction of c¢cyanide does
not exceed 5.2 ig/L more than once every chree years on cthe average and if
the one-hour average concentracion does not exceed 22 ig/L more than once
every three years on the average.

The procedures described in the "Guidelines for Deriving Numerical
Nacional Warer Qualicy Criceria for the Proctecrion of Aquarie Organisms and
Their Uses" indicate that, excepr possibly where a locally imporrant species
1s very sensicive, saltwater aquacic organisms and cheir uses should not be
affecced unacceprtably if the one-hour average concentracion of cyanide does
not exceed 1.0 ug/L more chan once every chree years on che average.

EPA believes chat a measurementc such as free cyanide would provide a
more scienctifically correct basis upon which to escablish criceria for
cvanide. The criceria were developed on this basis. However, at this time,

no EPA approved mechods for such a measurement are available to implemenc che
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criceria through che regulacory programs of the Agency and che Scates. The
Agency is considering development and approval of methods for a measurement
such as free cyanide. Uncil available, however, EPA recommends applying che
criceria using the toral cyanide mechod. These criteria may be overly
proceccive when based on the toctal cyanide mechod.

The recommended exceedence frequency of chree years is che Agency's besc
sciencific judgmenc of the average amount of time it will take an unscressed
system co recover from a pollucion event in which exposure to cyanide exceeds
the cricterion. Stressed systems, for example, one in which several oucfalls
oceur in a limicted area, would be expecced co require more cime for recovery.
The resilience of ecosystems and their abilicy to recover differ greacly,
however, and site-specific criceria may be established if adequace
juscificacion is provided.

The use of criceria in designing waste treatment facilities requires che
selecrion of an appropriare wascteload allocarion model. Dynamic models are
preferred for the application of these criceria. ULimicted data or other
faccors may make their use impractical, in which case one should rely on a
steady-scace model. The Agency recommends the incerim use of 1Q5 or 1Ql0O for
Cricerion Maximum Concentration (CMC) design flow and 7Q5 or 7Ql10 for che
Cricerion Continuous Concencration (CCC) design flow in sceady-scace models
for unscressed and stressed syscems respecrcively. These mactcers are
discussed in more detail in the Technical Support Documenc for Water

Qualicy-Based Toxics Control (U.S. EPA, 1985).
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Table 1.

SE-clas

Snall,
Physa heterostropha

Cladocaran,
Daphnia magna

Cladoceran,

Oaphnis sngen

Cladoceran,
Daphnia pulex

Cladoceran,
Daphnla pulex

Isopod,
Asel lus communls

Amph | pod,
Gammarus pseudolimnaeus

Stonetly,
Ptaronarcys dorsata

Midge,
Tanytarsus dissimilis

Ralnbow trout (fry),
Salmo qairdner |

Rainbow trout ( juvenllis),
Salmo galrdner|

Rainbow trout ( juvenlile),
Saimo galrdner|

Rainbow frout ( juvenila),
Salmo galrdneri

Ralnbow trout ( juvenile),

Salmo galrdner|

Acute Toxiclity of Cyanide fo Aquatic Animais

LC50 Species Maan
or EC50 Acute Value
Mathod® {ug/L)R® (pg/L ) B% Refarence

S,

i

FRESHWATER SPECIES

432 432
<1 ,800 -
160 160
a3 -
110 95.55
2,326 2,326
167 167
426 426
2,490 2,490
0 =
97 -
46,3 -
52.1 -
54,1 -

12

Calrns & Scheier, 1958;
Patrick, et al, 1968
Anderson, 1946
Dowden & Bennatt,
1965

Les, 1976

Calrns, et al. 1978
Oseld & Smith, 1979
Oseld & Smith, 1979
Call & Brooke, 1982
Call, ot al, 1983
Bills, et al, 1977
Sklbba, 1981
Marking, et al. 1984

Marking, et al, 1984

Marking, et al. 1984



Table 1. (Continued)

Specles

Ralnbow trout ( juvenlle),
Salmo galrdner|

Ralnbow trout (juvenile),
Salmo galrdner|

Ralinbow trout ( Juvenlila),

Salmo gairdner|

Ralnbow frout ( juvenile),
Salmo galrdner|

Rainbow trout ( juvenile),
Salmo galrdneri

Ralnbow trout ( juvenlle),
Salmo gairdneri

Atlantlc salmon ( juvenile),
Salmo salar

Brook frout (sac fry),
Salvellinus fontinalls

Brook trout (sac fry),
Salvelinus fontinalls

Brook trout (sac fry),
Salvellnus fontinalls

Brook frout (sac fryl,
Salvelinus fontinalls

Brook trout (swimup fry),
Salvel Inus ftontinalis

Brook trout (swimup try),
Salvelinus tontinalls

Brook trout (swim-up fry),
Salvelinus ftontinalls

Method®

8= U

5. U

FT, M

FT, M

T, M

FT, M

LC50
or EC50
(ng/L)"

Speclies Mean
Acute Yalue

(ug/L) o

Reference

62.1

74.8

51

21

40

65

90

'05III

542!'.

50?!'!

252708

B4

54,4

86,5

13

44,73

Marking, et al, 1984

Marking, et al, 1984

Smith, et al, 1978;
Broder lus & Smith, 1979

Kovacs, 1979; Kovacs &
Leduc, 1982b

Kovacs, 1979; Kovacs &
Leduc, 1982b

Kovacs, 1979; Kovacs 4
Leduc, 1982b

Tryland and Grande,
1983

Smith, et al, 1978
Smith, of al, 1978
Smith, et al. 1978
Smith, et al, 1978
Smith, et al, 1978

Smith, et al. 1978

Smith, at al, 1978



Yable 1, (Continued)

LC50 Specles Mean
or EC50 Acute Yalue

Species Method® (ug/L)*® (ug/L)®® Reference

Brook trout (swlm-up fry), FT, M 104 - Smith, ot al, 1978
Salvellnus tontinalls

Brook trout (swlm-up fry), FT, ™ 90.3 - Smith, et al, 1978
Salvellnus fontinalls

Brook trout ( juvenlle), FT, ™ 3.5 - Smith, et al. 1978
Salvellnus fontinalls

Brook trout ( Juvenlle), FT, M 83 - Smith, et al. 1978
Salvellnus fontinalls

Brook trout ( juvenile), FT, M 75 - Smith, et al,. 1978
Salvel lnus fontinalis

Brook trout ( juvenlle), FT, M 86 .4 - Smith, et al. 1978
Salvel lnus fontinalis

Brook trout ( juvenlle), FT, ™ 91.9 - Smith, et al, 1978
Salvel inus tontinalls

Brook trout { juvenile), FT, ™ 99 - smith, et al, 1978
Salvel lnus fontinalls

Brook trout ( juvenile), FT, M 9,7 - Smith, et al, 1978
Salvellnus fontinalls

Brook trout ( juvenlle), FT, M 112 - Smith, et al. 1978
Salvellnus fontinalls

Brook trout ( juvenlie), FT, M 52 - Smith, et al, 1978
Salvellnus fontinalls

Brook trout ( juvenlle), FT, M 60,2 - Smith, et al, 1978
Salvellnus fontinalis

Brook trout { juvenlle), FT, M 66,8 - Smith, et al. 1978
Salvellnus tontinalls

Brook trout ( juveanlle), FT, M 71.4 - Smith, et al, 1978

Salvellnus fontinallis

14



Table 1. (Continued)

Specles

Brook trout ( juvenlle),
Salvelinus fontinalls

Brook trout [ Juvenile),
Salvellnus fontinalls

Brook trout (adult),
Salvel lnus fontinalls

Goldtish ( juvenile),
Carasslus auratus

Fathead minnow (juvenlie),
Pimephales promelas

Fathead minnow,
Plmephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow (try),
Pimephales promelas

Fathead minnow ( juvenlile),
Pimephales promelas

Fathead minnow (juvenlle),
PlImephales promelas

Method®

FT, M

FT, M

FT, M

FT, M

FT, M

LC50
or EC50

(pq/L)**

Specles Mean
Acute Yalue
(ug/L)®®

Reference

97

143

156

318

230

350

230

120

98,7

8.8

110

116

s

126

15

85,80

318

Smith, et al, 1978
smith, et al. 1978
Cardwel l, et al.

1976

Cardwel ), ot al,
1976

Doudoroft, 1956
Henderson, et al,

1961

Henderson, et al,
1961

Smith, et al,. 1978
Smlth, et al. 1978
Smith, et al, 1978
Smith, et al, 1978
Smith, et al, 1978

Smith, et al, 1978

Smith, et al, 1978



Table 1. (Continued)

LC50 Specles Mean

or EC50 Acute Value
Specles Method® (ug/L)®® (ug/L)"® Reference
Fathead minnow { juvenile), FT, M 81.5% - Smith, et al. 1978
Pimephales promelas
Fathead minnow (juvenile), FT, M 124 - Smith, et al. 1978;
Pimephales promelas Broderlus & Smith, 1979
Fathead minnow ( juvenlle), FT, M 137 - Smith, et al, 1978
P imephales promelas
Fathead minnow ( juvenile), FT, ™ 131 - Smith, et al, 1978
Plimephales promelas
fFathead minnow ( juvenlile), FT, M 105 - Smith, et al. 1978
Pimephales promelas
Fathead minnow ( juvenlile), FT, ™ 119 - Smith, et al. 1978
P imephales promelas
Fathead minnow (juvenlle), FT, M 131 - Smith, et al. 1978
P Imephales promalas
Fathead minnow ( juveniie), FT, M 122 - Smith, et al, 1978
Plimephales promelas
Fathead minnow (juvenlie), FT, ™ [ - Smith, et al, 1978
Pimephales promelas
Fathead minnow ( Juvenile), FT, M 188 - Smith, et al. 1978
Plmephales promelas
Fathead minnow [ juvenlle), FT, M 179 s Smith, et al, 1978
Plimephales promelas
Fathead minnow { juvenile), FT, M 165 - Smith, et al, 1978
Pimephales promelas
Fathead minnow ( juvenile), FT, M 169 - Smith, et al, 1978
Pimephales promelas
Fathead minnow (juvenifel, FT, M 120 = Broderius, et al.
Pimephales promalas 1977
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Table 1. (Continued)

Species

Fathead minnow {juveniiel,

Pimephales promelas

Fathead minnow ( juv...ile),

Pimephales promelas

Fathead minnow { Juveniie),

Pimephales promelas

Blueqli! ( juvenlle),
Lepomis macrochlrus

Blueqlll,
Lepomls macrochlrus

Blueglill,

Lenomle macrochlirus

Blueglll,
Lepomls macrochlrus

Blueqill (juvenile),
Lepomls macrochlirus

Blueqlill ( juvenllel,
Lapomls macrochlrus

Blueglll (fry),
Lepomls macrochirus

Blueglill (fry),
Lepomis macrochlrus

Bluegli!l (fry),
Lepomis macrochirus

Bluegltl (fry),
Lepomls macrochlrus

Method®

i, M
FT, M

FT, M

LC50
or EC50

[“Q’L)‘l

ii3

128

128

147

180

220

230

150

160

56““

232ukn

279.!!

2?3‘!.

Species Mean
Acute Value

{ug/L) "

125.1

147

17

Reference

Broderius, et ai.
1977

Hroderius, et al.
1977

Broderlus, et al,
1977

Anderson & Weber,

101R
[

Calrns & Scheler,
1968; Patrick, et
1968

Cairns A Scheler,
1959

Calrns & Scheler,
1959

Cairns & Scheler,
1959

Henderson, et al.
1961

Cairns & Scheler,
1963

Smith, et al. 1978
Smith, et al. 1978

Smith, et al, 1978

Smith, et al, 1978

1958,
al.



Table 1. {(Contlinued)

Species

Blueqill (juvenile),
Lepomis macrochlrus

Biueglll (Juvenlle),
Lepomls macrochlrus

Bluegl)) (juvenlle),
Lepomis macrochlirus

Blueglll (juvenile),
Lepomis macrochlrus

Blueqliil (Juvenlite),
Lepomis macrochirus

Blueglll (juvenile),
Lepom|s macrochirus

Bluegll) (juvenlile),
Lepomls macrochirus

Bluegll| (Juvenlle},
Lepomls macrochlrus

Blueqgll} (juvenile),
Lepomis macrochirus

Largemouth bass
(juveniie),
Micropterus saimoldes

Black crapple,
Pomoxls nlgromaculatus

Yel low perch (embryo),
Perca f{avescans

Yal low perch (fry),
Perca f)avascens

Yol low perch (try),
Perca flavescens

Method®

FT, W

T, M

FT, M

or EC50

18

LC50 Specles Mean

Acute Value
Apg/L)%® (ug/L)®® Referesacs
a1 = Smith, et
85,7 - Smith, et
74 - Smith, et
100 - salth, et
107 - Smith, et
99 - Smlth, et
13 - Smith, et
121 = Smlth, et
126 99.28 Smith, et
102 102 Smlith, at
102 102 Smith, et
2814 = Smlth, et
288% % - Smlth, et
300 - Smith, et

al.

al.

al.

al .

al.

al,

al.

al .

al .

1978

1978

1978

1978

1978

1978

1918

1978

1978

1979

1979

19178

1978

1978



Table 1, (Contlnued)

Species

Yel low perch { juvenile),
Parca flavascans

Yellow perch { juveniie),
Perca flavescens

Yellow perch ( juvenile),
Perca flavescens

Yel low perch ( juvenlile),
Perca flavescens

Yel low parch ( Juvenlle),
Parca flavescens

Yol low perch ( juvenlle),
Perca flavescens

Common Atlantic
slippershell,
Crepldula fornlcata

Copepod ,
Acartla clausl

Mysld,
Mysldopsis bahla

Mysld,
Mysldopsis bahia

Mysid,
Mysidopsis blgelowl

Amph lpod,
Ampalisca abdita

Amphipod,
Ampelisca abdlta

Method®

FT,

FT,

FT,

T,

FT,

S,

S,

S,

S,

M

LC50
or EC50
(ug/L)"*

Specles Mean
Acute Value
(ug/L)%"

Reference

B88.9

93

74,1

101

107

92 .64

SALTWATER SPECIES

>10,000

30

93

113

124

1,220

1,150

19

>10,000

13

124

Smith, et al, 1978

Smith, et al. 1978

Smith, et al, 1978

Smith, et al, 1978

Smith, et al, 1978

Smith, et al. 1978

Gardner & Nelson,
1981

Gentile, 1980

Gentile, 1980

Lussler, of al,
Manuscr Ipt

Gentlle, 1980
Scott, et al.
Manuscrip?

Scott, et al,
Manuscr lpt



Table I, (Contlnued)

Johns & Gentile, 1981

Johns & Gentlile, 1961

Schimmel , et al ., 198)

Gardner & Berry, 198

LC50 Species MWean

or EC50 hcute Yalue
Specles Method® (ug/L)R® (ugAL )4 Reference
Amphlpod, S, u 104 995.9 Scott, et al,
Ampellsca abdita Manuscr | pt
Rock crab (larva), FT, M 4,2 -
Cancer Irroratus
Rock crab (larva), FT, M 51 4,893
Cancer Irroratus
Sheepshead mlnnow, FT, M 300 300
Cyprinodon varfegatus
Atlantic sliverside, FT, M 59 59
#enidla menidia
Winter flounder, 5.0 372 372 Cardin, V980

Pseaudop leuronectas
amer [ canus

* 5 = statlc, R = renewal, 7 = flow-through, U = unmeasured, M = measured,

% Results are expressed as free cyanlde as N,

®¥%Not used In calculations because data are avallable for a more sensitive ilfe stage.
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Table 2.

Specles

I sopod,

Asel lus communis

Amphlipod,
Gammarus pseudol Imnaeus

Chronlc Toxiclty of Cyanide to Aquatic Animals

Test®

Lc

Lc

Brook frout,
Saivelinus fontinalis

Fathead minnow,
Plimephales promelas

Blueglll,
Lepomls macrochirus

Mysid,
Mys idopsls bahia

Sheepshead minnow,
Cyprinodon varlegatus

Lc

LC

ELS

LC

ELS

Limits Chronic Value
(ug/L)%® (ug/L) e
FRESHWATER SPECIES
29-40 34,06
16-21 18,33
5.6-11.0 1.849
13.3-20.2 16.39
9,3~19.8 13.57
SALTWATER SPECIES
43-113 69,71
29-45 36.12

Reference

Oseld & Smith, 1979

Oseld & Smith, 1979

Koenst, et al, 1977

Lind, et al, 1977

Kimball, et al. 1978

Lussler, et al.
Manuscript

Schimmel, &t al, 1981

® LC = lite cycle or partial life cycle; ELS = early life stage.

®**Results are exprassed as free cyanlde as CN.

Species
| sopod,

Asellus communis

Amphipod,

Gammarus pseudol Imnaeus

Acute~Chronlc Ratlo

Acute Value

Chronlc Value

(ug/L) (ug/L) Ratlo
2,326 34,06 68,29
167 9,111
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Table 2. (Continued)

Acute~Chronic Ratlo

Acute Yalue Chronilc Yalue
Spscles (ug/L) (eg/t) Ratio
Brook ftrouf, B 14" 1.6849 10,59
Salvel inus fontinalis
Fathead minnow, F25,; | Pue 16 .39 7.633
Plimephales promelas
Blueglill, 99 28keans 13,57 1.316
Lepomis macrochlrus
Mysid, 113 69.71 1.621
Mysldopslis bahia
Sheepshead mlnnow, 300 36,12 8,306

Cyprinodon varlegatus

=% Geometric mean of 19 values from Smith, et al, (1978) In
Tabie 1.

REES Cogometric maan of 24 values from Smith, et al. (1978) and
Broderius, et al, (1977) In Table 1,

#8R8N Geometric mean of 9 values ftrom Smlth, et al, (1978) In
Table 1.
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Table 3. Ranked Genus Mean Acute Values with Species Mesan Acute~Chronic Ratlos

Genus Mean Specles Mean Species Mean
Acute Value Acute Value Acute=Chronic
Rank* (ug/L) Species (ug/L) Ratio

FRESHWATER SPECIES

15 2,490 Midge, 2,450 -
Tanytarsus dissimilis

14 2,326 Isopod, 2,326 68,29
Asellus communis

13 432 Snall, 432 -
Physa heterostropha

12 426 Stonefly, 426 -
Pteronarcys dorsata

11 318 Goldtish, 318 -
Carasslus auratus

10 167 Amphipod, 167 9.1
Gammarus pseudol imnaeus

9 147 Guppy, 147 -
Poeclilia reticulata

8 125,1 Fathead minnow, 125,1 7,633
Pimephales promelas

7 1236 Cladoceran, 160 »
Daahnla magna
Cladoceran, 95.55 -
Daphnia pulex

6 102 Largemouth bass, 102 -

Micropterus salmoldes

5 102 Black crapple, 102 fis
Pomoxlis nigromaculatus

4 99.28 Bluegll 1, 99,28 7.316
Lepomls macrochirus

23



(Contlnued)

Speclies Mean Species Mean

Genus Mean
Acute Yaluve
(ug/L) Specles

92.64 Yel low perch,
Perca tlavescens

85,80 frook trout,
Salvellnus tontinallis

63.45 Ralnbow trout,
Salmo galrdner)
Atlantic salmon,
Salmo salar

SALTWATER SPECIES
>10,000 Common Atlantic

sl lppershel |,
Crepldula tornicata

9959 Amphipod,
Ampelisca abdlita

372 wWinter tlounder,
Pseudopleuronactes

amer | canus

300 Sheapshead minnow,
Cyprinodon varlegatus

118.4 MysId,
Mysidopsis bahla
Mysld,
Mysidopsis bigelowl

59 Atlantic silverside,
Menldla menidia

30 Copepod ,
Acartia clausi

4,893 Rock crab,

Cancer Irroratus

Acute Value Acute~Chronic
(pg/L) Ratlo
92,64 -
85,80 10,59
44 .73 -
90.00 -
>10,000 =
995,9 -
372 -
300 8,306
113 1.621
124 -
59 -
30 -
4,893 -

24



Table 3, (Continued)

* Ranked fram most resistant to most sensitive based on Genus Mean Acute Value,

Fresh water
Final Acute Value = 62,68 ug/L (calculated trom Genus Mean Acute Yalues)
Final Acute Value = 44.73 uq/L (lowered to protect rainbow trout - see text)
Criterlon Maximum Concentration = (44.73 uwg/L) / 2 = 22.36 wg/L
Final Acute-Chronic Ratio = 8,568 (see text)
Final Chronic Value = {44.73 ug/L) / B.568 = 5.221 ug/L
Flnal Acute Value = 2,030 uq/L
Criterion Maximum Concentration = (2,030 ug/L) / 2 = 1,005 ug/L

Final Chronic Value = 1.015 ug/L (see text)
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Table 4.

Species

Blue-green alqga,
Microcystls aeruglnosa

Blue alga,
Microcysiis aeruginosa

Green alga,

Scenedesmus quadricauda

Diatom,
Navicula semlnulum

Volvocales,
Chlamydomones sp.

Duckwaed ,
Lemna glbba G3

Euraslan watermlifoll,
Myrioohvilum solcatum

Graen alga,
Prototheca zoptl

Green alga,
Chlorella sp.

Red alga,
Champla parvula

Red alqga,
Champla parvula

Red alqa,
Champla parvula

Toxiclty of Cyanlde Yo Aquatic Plants

Eftect

s

FRESHWATER SPECIES

90% kil

Inciplent
Inhibltion

50% reduction In
division

No eftect on mean

or maximum growth
rate

Decreased
potasslium uptake

32-day EC50
{root welght)

SALTWATER SPECIES

Respiration
Inhibltion

Enzyme Inhlbitlon

Reduced tetrasporo—

phyfte growth

Reduced tefraspor-
anqgla production

Reduced female
growth

26

Resulft
(ug/L)®

8,000

15

30

2717-491

10-100

26,000

22,400

3,000
30,000
16

25

Ratersnce

Fltzqerald, et ai.
1952

Bringmann, 1975;

Ol acemamne § .o b
e B IRmaininy o R,

1976, 1978a,b

Bringmann & Kuhn,
1977a, 1978a,b,
1979, 1980b

Academy of Natural
Sclences, 1960

Calrns, et al, 1978

Kondo & Tsudzuk),
1980

Stanley, 1974

Webster & Hackett,
1965

Nelson & Tolbert,
1970

Steele & Thursby,
1983

Steaele & Thursby,
1985

Steele & Thursby,
1983



Table 4, (Continued)

Result
Species Effect (ug/L)* Reference
Red alga, Stopped sexual " Steele & Thursby,
Champla parvula reproduction 1983

* Results are expressed as free cyanide as CN,
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Table 5,

Specles

Green alga,
Scenedesmus quadrlcauda

Bacterla,
Escherichia coll

Bacterla,
Pseudomonas putida

Protozoan,
Entosliphon sulcatum

Protozoan,
Microregma heterostoma

Protozoan,
Chlliomonas paramec |um

Protozoan,
Uronema parduezl

Rotiter,
Phliodina acuticornls

Worm,
Aeclosoma headleyl

Snalfl,
Goniobasis |lvescens

Snall,
Nifocris sp.

Other Data on Effects of Cyanids on Aquatic Organlsas

Durat ion

16

12

28

48

20

48

48

48

48

hr

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

Effect

FRESHWATER SPECIES

Inciplent
Inhibition

Ilnclplent
inhibitlon

Inciplent
Inhibitlon

Inciplent
inhibltion

Incliplent
inhibl tion

Inciplent
Iinhibltlion

Inciplent
Inhibl tion

LC50

LC50 ( 5 C)
(10 C)
(15 C)
(20 C)
(25 C)

LC50

LC50 ( 5 C)
(10 ©)
(15 C)
(20 C)
(25 C)

28

Result
{ug/L)®

Reference

160**

400-800

1,800

20,000~
145,000

10,000

9,000
120,000
160,000
160,000

760,000

13,600
12,800
10,000
8,000
7,000

Bringmann & Kuhn,
1959a,b

Br ingmann & Kubhn,
1959a

Bringmann & Kuhn, 1976,
1977a, 1979, 1980b

Bringmann, 1978;
Bringmann & Kuhn, 1979,
1980b, 1981

Bringmann & Kuhn, 1959b
Br Ilngmann, et al, 1980,
1981

Bringmann & Kuhn, 1980a,
1981
Calrns, et al, 1978

Calrns, ot al. 1978

Calrns, et al. 1976

Calrns, et al, 1978



Table 5. (Continued)

Species

Snall,
Lymnaea emarginata

Snall (embryo},
Lymnaea sp.

Snalil,
Physa heterostropha

Snall,
Physa Integra

Cladoceran,
Daphnia magna

Cladocaran,

Daphnia magna

Cladoceran,

Daphnia pulex

Amphipod,
Gammarus pseudol imnasus

Mayfly,
Stenonema rubrum

Caddistly (larva),
Hydropsyche sp.

Mldge,
Tanytarsus dissimilils

Coho salmon,
Oncorhynchus klsutch

Coho salmon { juvenlle),
Oncorhynchus klsutch

Duration

48 hrs

96 hrs

9% hrs

48 hrs

48 nhrs

24 hrs

48 hrs

98 days

48 hrs

48 hrs

48 hrs

2 hrs

36 days

Eftect

LC50

LC50

LCS0 (periedic
low 0,0,)

LCS0

EC50

LC50

Les0 ( 5 C)
{10 C}
(15 C)
(25 C)

Competition with
Asellus affects

HCN toxiclty

LC50
LC50
EC50
Swimming spaed

reduced

Reduction In
growth

29

ResulT
(ug/t)'
3,300
52,000

190

350

wo!l

530

330
330
180

2,000

<880

77

Reference

Calrns, et al, 1976
Dowden & Bennefft,

1965

Calrns & Schelar, 1958
Calrns, ot al, 1976
Bringmann & Kuhn,
1959a,b

Bringmann & Kuhn, 1977b

Calrns, ot al. 1978

Oseld & Smith, 1979

Roback, 1965

Roback, 1965

Call, ot al, 1979

Broder lus, 1970

Leduc, 1966



Table 5. (Contlinued)

Specles Duratlon
Chinook saimon ( juvenile), 64 days
Oncorhynchus tshawytscha

Ralnbow trout ( juvenilel, 250 min
Salmo galrdner|

Ralnbow frout (adult), 2 min

Salmo galrdner|

Ralnbow trout (adult), 8 min
Salmo gairdner|

Ralnbow trout (adult), 12 min
Salmo galrdner |
Ralnbow trout (adult), 12 min
Salmo galrdner|
Ralnbow trout (adult), 24 min
Salmo qalrdneri
Rainbow trout (adult), 72 min
Salmo galrdnerl
Ralinbow trout (adult), 90 min
Sailmo galrdner|
Ralinbow trout (adult), 2,925 min
Salmo galrdner|
Ralnbow trout (adult), 1,617 min
Salma gairdner |
Ralnbow trout (aduit), 3,600 min
Saimo qalrdner |
Ralnbow trout (adult), 4,441 min
Saimo qalrdner!
Ralnbow frout, 48 nhrs

Salmo galrdnerl

Retference

Result
Eftect (ug/n)®
21% reduction In 20
blomass
Approximate medlan 200
survival time
Mean survival time 2,000
Mean survival time 300
Mean survival time 250
Maan survival time 200
Mean survival time 180
Mean survival time 160
Mean survival time 140
Mean survival time 100
Mean survival time 90
Mean survival time 80
Mean survival time 10
LCS50 68

30

Neqllskl, 1973

Dep, Sci, Ind, Res,,

1956

Herbert & Merkens,
1952

Harbert & Merkens,
1952

Herbert & Merkens,
1952

Herbert & Merkens,
1952

Herbert & Merkens,
1952

Harbert & Merkens,
1952

Harbert & Merkens,
1952

Herbert & Merkens,
1952

Herbert & Merkens,
1952

Herbert & Merkens,
1952

Herbert & Merkens,
1952

Brown, 1968



Table 5. (Continued)

Species

Ralnbow tfrout ( juvenliie),
Salmo gairdneri

Rainbow trout ( Juvenlile},
Salmo galrdneri

Ralnbow trout ( juvenlie),
Salmo galrdneri

Ralnbow trout (juvenlle),
Salmo galrdner]

Rainbow frout { juvenile),
Salmo galrdneri

Ralnbow trout (yearling},
Salma galrdnerl

Ralinbow trout (yearlingl,
Salmo galrdneri

Ralinbow trout (yaarling),
Salmo galrdnerl

Rainbow frout ( juvenlle),
Saimo galrdner]

Ralnbow trout (yearling),
Salmo galrdneri

Rainbow trout ( juvenlia),
Salmo galrdnerl

Ralabow trout (juvenile),
Saimo galrdneri

Ralnbow trout (yeariing),
Salmo galrdner |

18

18

18

21

21

21

28

18

18

Duratlion

days

days

days

days

days

days

days

days

days

days

days

days

days

Result

Effect (sg/L)®
Weight gain reduced 2.6
Increased respira 9.6
tlon rate
Liver damage 9.6
{necrobiosis)
Reduction In fat 19
content
Hligher relative 9.6
body water content
65% reduction In 19
waight galn
75% reduction In 19
swimming abllity
Higher relative 19
body water content
Altered blood chloride 9.6
and osmolarity
Abnormal oocyte 9.6
development
Production of dividing 9.6
spermatogonia
reduced by 13%
Production ot dividing 29
sparmatoqonia
reduced by 50%
Serum calclum reduced; 9.6
hepatosomatic Indices 19

declined

31

Reference

Dixon & teduc, 1981

Dixon & Leduc, 1981
Dixon & Leduc, 1981
Dixon & Leduc, 1981
Dixon & Leduc, 1981
Speyer, 1975
Speyer, 1975
Speyer, 1975

Leduc & Chan, 1975
Lesniak, 1977;

Lasnlak & Ruby, 1982

Ruby, et al, 1979

Ruby, et al. 1979

Costa & Ruby, 1984



Table 5. (Continued)

Specles

Ralnbow trout ( juvenlle),
Salmo galrdner|

Rainbow trout (juvenlle),
Saimo galrdner|

Ralnbow trout (juvenllel,
Salmo galrdner|

Ralnbow trout {juvenile),
Salmo galrdner|

Ralinbow trout (Juvenllel,
Salmo galrdner|

Rainbow trout (juvenile),
Salmo galrdner|

Ralnbow trout ( juvenlile),
Salmo galrdner|

Ralnbow trout ( Juvenile),
Salmo galrdnerl|

Ralnbow trout ( Juvenllie),
Salmo qalrdner|

Duration

24 hrs

21 days

21 days

144 hrs

20 days

20 days

20 days

20 days

20 days

Result
Effect (pg/)*®
Lcs0 ( 5 C) 90
nz o 98
{18 C) 92
No affect on dry 33
welight galn
Kidney damaqe 33
LC50 93
Reduction in 4.8-43

swimming ablllty
6~18 C)

Threshold concen—
tration (6~18 C) tor
reduction ot
relative:

woat waight galn

dry weight galn

far qain

increase In
relative water
content {6-18 C)}

No effect on wet

or dry welght rela-
tive growth rate or
tat walght change
for 8 g tlsh forced
to swilm at 12 cm/sec
and 10 C

Increased tood maln-
fenance requirements,
decreased wet and

dry welght relative
growth rate and fat
waight change tor 18
q ftish forced to swim
at 12 ¢m/sec and 10 C

32

9.6-29
<4 .8~-29
<4 ,8-24

4,8-43

9.6

13

Referencs

Calrns, et al, 1978

Dixon & Sprague,
1981

Dixon & Sprague,
1981

Dixon & Sprague,
1981

Kovacs, 1979; Kovacs &

Leduc, 1982a

Kovacs, 1979; Kovacs &

Leduc, 1982a

Kovacs, 1979; Kovacs &

leduc, 1982a

McCracken & Leduc,
1980

McCracken & Leduc,
1980



Table 5, (Conflinued)

Specles

Ralnbow trout ( Juvenliel,

Salmo galrdner|

Atlantic salmon (larva),

Salmo salar

Atlantic salmon (smolt),

Salmo salar

Brown trout (fry),
Salmo trutta

Brown frout (try),
Salmo frutta

Brown trout (fry),
Salmo trutta

Brown trout {(fry),
Salmo trutta

Brown frout (juvenlile),

Salmo trutta

Brown trout (juvenlle),

Saimo trufta
prtoidL /miE LRL.]

@rown frout {juvenite),

Salmo trutta

Brown trouf { juvenlile),

Salmo ftrutta

Brook trout (iry),
Salvelinus fontlnalls

Brook trout (tfry),
Salval lnus fontinalls

Brook trout (fry),
Salvellnus tontinalls

Duration

20 days

58 days

24 hrs

8.2 min

8.9 min

8.2 min

140 min

6.58 min

15 min

0.1 min

5 hrs

15.2 min

10.8 min

11.7 min

Effect
Necreasad wat welght
gain tor 27 q tish
torced to swim at 12
cm/sec and 10 C

Abnormal embryo and
larval development

LC50 (10 mg D,0./L)
(3.5 mg D.O./L}

Death
Death
Death
Death

Geometric mean
tima to death

Geometric mean
time to death

Gaomatr ic mean
time to death

Oxygen uptake
Iahibl ted
Naath

Death

Death

33

McCracken & Leduc,

Alabaster, et al.

Burdick, et al, 1958

Burdlck, et al. 1958

Burdlick, et al, 1958

Resul t
{ug/L)* Reference
q.o
1980
9.6 Leduc, 1978
70
25 1983
8,030 Karsten, 1934
4,140 Karsten, 1934
2,070 Karstan, 1934
211 Karsten, 1934
1,006
510
320
25 Carter, 1962
8,640 Karsten, 1934
4,290 Karsten, 1934
2,130 Karsten, 1934



Table 5. (Continued)

Specles

Brook trout (fry),
Salvel inus fontinalls

Brook trout (fry),
Salvelinus fontinalls

Brook trout (fry),
Salvelinus fontinalls

Brook trout (try),
Salvel Inus tontinalis

Brook trout (fry),
Salvellnus fontinalis

Brook trout ( juvealle),
Salvelinus fontinalls

Brook frout ( juvenile),
Salvellinus fontinalls

Brook trout ( juvenile),
Salvellinus fontinalls

Brook trout ( juvenlilel,
Salvel lnus tontinalls

Goldfish ( juvenile),
Carassius auratus

Goldtish ( juvenile),
Carasslus auratus

Golden shiner (juvenile),
Notemigonus crysoleucas

Fathead minnow,
Plimephales promelas

Fathead mlnnow (juvenile),
P Imephales promelas

Result
Duration Eftect (ug/L)®
26 min Death 855
58 min Death 392
210 min Death 217
130 hrs Death 50
27 days 1008 survival 20
3,6 days Death 80
40 days ho death 50
25.5 min 75% reduction In 10
swimming endurance

90 days Reduced growth 33
336 hrs LC50 261
24 nrs LC50 ( 5 C) 5,250
{15 C) 440

{30 C) 280

24 hrs LCS0 ( 5 C) 540
(15 C) 310

(30 C) 300

48 hrs LCS50 240
5 days LC50 120

34

Reference

Karsten, 1934

Karsten, 1934
Karsten, 1934
Karsten, 1934
Karsten, 1934
Nell, 1957

Nell, 1957

Nell, 1957

Koenst, et al, 1977

Cardwel |, ot al, 1976

Calrns, ot al, 1978

Calrns, at al, 1978

Black, et al. 1957

Cardwell, et al,
1976



Table 5. (Contlnued)

Sgacl.s

Fathead minnow ( Juvenile),
Plimephales promelas

Fathead mlnnow ( juvenile),
Pimephales promslas

Fathead minnow (juvenile),
P Iimephales promelas

Fathead minnow {embryo),
Pimephales promelas

Fathead minnow (embryo),
Plimephales promelas

Fathead minnow (embryo),
Plimaphales promalas

Fathead minnow (embryol,
Plimephales promelas

Fathead minnow {embryo),
Plmephales promelas

Fathead minnow {embryo),
Pimephales promelas

Fathead minnow (embryo),
PiImephales promelas

Blacknose dace,

Rhinichthys atratulus

Channel cattish ( juvealle),

lctalurus punctatus

Channal
lctalurus punctatus

Flagflish,
Jordanella tlorldae

catfish ( juvenllal,

10

28

24

26

24

10

axposure

Duration

days

days

days

hrs

hrs

hrs

hrs

hrs

hrs

nhrs

hrs

hrs

days

Etfect
LCS50
Reduced Increase In
length

Reduced increase In
length and welight
LC50

LC50

LC50

LC50

LC50

LC50

LC50

LC50

LC50

LC50 ( 5 ©)
{15 C)
(30 C)

Reduced tecundl!ty
and hatchling

35

Result
Ins/[l.
114

35

347
212
201
123

186

206
220
161

200
310
230

63

Referance

Cardwall, et al.
1976

Lind, et at, 1977
Lind, et al, 1977
Smith, et al, 1978
Smith, et al, 1978
Smith, et al, 1978
Smith, et al. 1978
Smith, et al, 1978
Smith, et al. 1978
smith, ot al, 1978
Lipschuetz & Cooper,

1955

Cardwel |, ot al.
1976

Calrns, et al, 1978

Cheng & Ruby, 1981



Tabie 5. {(Continued)

Result

Specles Ouratlion Effect (pq/LI" Reference
Mosqul totlsh, 96 hrs LCS0 (high 640 wallen, et al. 1957
Gambusia affinls turbldity)
Guppy (Jjuvenlle), 120 nrs Threshold 256 Chen & Sel leck, 1969
Poecllla reticulata concentration
Threesplne stickleback, 90 min Depressed resplra- 1,040 Jones, 1947
Gasterosteus aculeatus tlon rate to 32%

of normal
Threespine stlckleback 824 min Medlan survival 154 Broderlus, 1973
{adul t), time
Gasterosteus aculeatus
Threesplne stickleback 642 min Med)an survival 170 Broderius, 1973
(adul t), Time
Gasterosteus aculeatus
Threaspine stickleback 412 min Modlan survival 257 Broder lus, 1973
(adult), time
Gasterosteus aculeatus
Bluegl!l!l (juveniie), 202 min Mad lan survival 198 Broderlus, 1973
Lepomis macrochirus tima
Bluegll!l (juvenifel, 260 min Med lan survival 194 Broderlus, 1973
Lepomis macrochlrus time
Bluagll) (juvenlle), 351 min Mad lan survival 165 Broderlus, 1973
Lepomis macrochlrus time
Bluegli! (Juvenile), 298 min Med lan survival 165 Broderlus, 1973
Lepomis macrochirus time
Aluvegi!!l (juvenile), 3152 min Mad lan survival 144 Broderlus, 1973
Lepomls macrochirus tima
Bluegl!l (Jjuvenile), 655 min Med lan survival 127 Broderius, 1973
Lepomls macrochlrus time
Blueqlitt (juvenlie), 48 hrs LC50 134 Cardwel |, et al,
Lepomls macrochirus 1976

36



Table 5. (Continued)

Specles

Blueqill (juvenile),
Lepomls macrochlrus

Bluegill (Juvenlle),
Lepomis macrochirus

Bluegll !l (juvenlile),
Lepomis macrochirus

Rlueglil (Juvenlile),
Lepomls macrochlrus

Blueglll (Juvenlle},
Lepomls macrochlrus

Bluegli!l (juvenile),
Lepomls macrochlirus

Blueqlill (juvenlia),
Lepomls macrochlrus

Blueglll (juvenlle),
Lepomis macrochlrus

Blueqlill (aduit),
Lepomis macrochlrus

Blueqli!l (adult),
Lepomis macrochlrus

Blueqlll (adult),
Lepomls macrochlrus

Smal lmouth bass
(juvenlle),
Micropterus dolomieul

Smal Imouth bass
(juvenile),
Mlcropterus dolomisul

438

50

91

129

700

24

48

289

289

7.8

12,4

Quratlion

hrs

min

min

min

min

hrs

hrs

hrs

hrs

days

days

min

mln

Effect
LC50
Mad ian resistance
Time

Madian reslstance
time

Med fan reslstance
time

Med lan reslistance
time

LC50

tesa. . 5.¢)
(15 C)
(30 C)

LC50 (perlodic
low D,0,)

LC50

Survival reduced

No reproduction

Geometric mean
time to death

Geometric mean
time to death

37

Result
(ug/L)®

280

720

540

170

154

240
160
190

48

67.8

5.4

1,900

1,430

Reference

Turnbul i, et al.
1954

Doudoroftf, et al,
1966

Doudoroff, et al.
1966

Doudoroft, et al.
1966

Doudorott, et al.
1966

Doudoroft, et al.
1966

Calrns, et al. 1978

Calrns & Scheler,
1958

Calrns, et al, 1965
Kimball, et al, 1978

Kimball, et al, 1978

Burdick, et al, 1958

Burdick, et al, 1958



Table 5, (Continued)

Specles

Smalimouth bass
(Juvenlle),
Micropterus dolomleul

Smal Imouth bass
(Juvenl le),
Ml cropterus dolomleul

Smallmouth bass
(juvenitla),
Micropterus dolomleul

Smal Imouth bass
( juvenlle),
Mlcropterus dolomleul

Smalimouth bass
(juvenile),
Mlicropterus dolomleul

Smal lmouth bass
(juvenlile),
Micropterus dolomleul

Largemouth bass
(Juvenlilel,
Mlcropterus salmoldes

Largemouth bass (juvenlle),

Micropterus saimoldes

Oyster,
Crassostrea sp.

Oyster,
Crassostrea sp.

Duration

15.4 min

30,6 min

42.8 min

80.5 min

122 min

290 min

2 days

24 hrs

10 min

3 brs

Etfect
Geometric mean
time to death

Geometric mean
time to death

Geomatric mean
time to death

Geometric mean
time to death

Geometric mean
time to death

Geomatric mean
time to death

Signiticant
Increases In
opercular rate

Aftected opercular
rhythm

SALTWATER SPECIES

Suppressed
clilary activity

Inhibl ted
clilary activity

38

755

478

358

245

175

40

10

30,000

Reterence

Burdick, et

Burdick, et

Burdick, et

Burdick, et

Burdick, et

Burdick, et

al.

al,

al.

al,

1958

1958

1958

1958

1958

1958

Morgan & Kuhn, 1974

Morgan, 1979

Usukl, 1956

Usukl, 1956



Table 5. (Continued)

Result
Specles Duration Effect (ug/L)*® Reference
Atlantic salmon, 24 hrs LC50 20-75 Alabaster, et al,
Salmo salar 1985
Pinfish, 24 nrs LC50 69 Daugherty & Garrett,
Lagodon rhomboldes 1951

®* Rasults are expressed as frea cyanide as CN,

®%In river water,

39
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